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THE EFFECT OF BAKING AND STRESS ON THE HYDROGEN CONTENT OF CADMIUM

PLATED HIGH STRENGTH STEELS

D. A. Berman
Naval Air Development Center

ABSTRACT

Variations in the diffusible
hydrogen concentration of cadmium plated
AISI 4340 and 300M steels due to baking
and stress are reported. Long baking
times of greater than 100 hours at
190 C are needed to remove all the hydro-
gen from bright cadmium plated speci-
mens, and around 40 hours for dull
cadmium plated ones. Very short baking
not only does not remove hydrogen, but
actually pumps it in. Baking for 96
hours is insufficient to remove hydrogen
embrittlement from sharp, double notched
300M tensile specimens having a notched
tensile strength of 1800 MPa. It is
shown that there is no difference in the
aydrogen concentration whether baking
immediately follows plating or there is
a delay. Also, the hydrogen concentra-
tion does not change with time for
cadmium plated specimens standing for
sne month at room temperature. Stress-
ing, on tne other hand, causes an
increase in the nhydrogen, presumably
by ailowing it to enter from the plate
due to lattice deformation.

Warminster, PA 18974-5000

INTRODUCTION

Electrodeposited cadmium is widely
used as a sacrificial coating to pro-
tect low alloy, high strength steels
from corrosion, especially in marine
environments. It is generally recog-
nized, however, that hydrogen produced
during this plating can diffuse to areas
of high stress causing embrittlement
and possibly leading to catastrophic
failure of a structural part, such as
an aircraft landing gear. Because
of this, plated parts are baked to
lower the hydrogen concentration and
thus reduce the possibility of failure.

Specifications for baking are
often ill-defined, sometimes calling
for as little as 1-5 hours at a wide
range of temperatures or stating that
the time and temperature should be
determined for -he material and in-
tended use. Thus, in the aircraft
industry, cadmium plated parts are
saked for 24 hours at 375 F (190 C) for
the hignhest strength steels. This has
been shewn to be insurficient to elim=-
inate embrittiement from a part,

.
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especially when it is covered with a
bright cadmium plate electrodeposited
from conventional cyanide baths.%»

Common practice and specifications
are usually to "bake as soon as posS-
sible after plating."” This {s done
to prevent cracking due to residual
stresses. Also, it is often assumed
that early baking is necessary
because the hydrogen is more easily
removed at this stage. Baking immedi-
ately may be good housekeeping as it
assures continuity of the procedure so
that the baking is not omitted; how-
ever, whether or not there is any
berefit from a hydrogen viewpoint has
nct been established.

3ecause of the difficulties with
nydrogen embrittlement when using
Sright cadmium, low embrittlement
plating baths are often used. These
oroduce duller, more porous plates
which lose hydrogen more easily. The
3ull cadmium is not as attractive or
srotective as the bright, however,
Therefore, the latter is still pre-
farred for many uses.

Traditionaily, mechanical testing
nas peen the only way to determine the
affectiveness of the baking procedure.
Since the development of the barnacle
alectrode method,>'® however, it is
now possible o measure diffusible
remorittling) nydrogen and thus to
nonitor baking efficiencies. The
barnacle electrode technique is based
an tne electrochemical hydrogen per-
meaticon method. I hydrogen is in a
cart which (s made the anode in an
2lectrochemical celil, the hydrogen is
cxidized as it diffuses to the surface,
The oxidation current can then be re-
.ate¢ to the hydrogen content of the
par~.. Correlations with mechanical
cesting are, of ccurse, still neces-
sary %0 Zetermine safe levels of hvdro-
<en for the material and use.

Itressing oroguces a lattice ax-
zansicn wnich zauses hycdrogen tO move
alZng the 3tress gradient and, over 3
ceriza 3f ~ime, <0 2uild up 0o nizgn
.aveis. Jec3ause f =his “ime depend-
measuremen: :r <he -ime %9
Jallure ln a sustailned :constant) loac

-28t i3 used tC credict suscepticilicy

e,

.

et e s - - . . .
T e T e T T et e e e N
« o R

ISR I
“;A-‘l;fl ~" 'i LNy AA...‘\._...X ek

et e L et
Bl 2'a a2z a s

of a material to hydrogen emdorittlement.
It is therefore important that methods
are found to correlate the diffusible
hydrogen content and susceptibility to
embrittlement, especially of cadmium
plated high strength steels. Hence,

the present work to study the effects
of baking and stress on the hydrogen
concentration and delayed failure was
undertaken.

In recent years, statistical
methods have been used, not only in
analyzing experimental data but, as
importantly, in designing the experi-
ment so as to get the most informatéon
from the least number of specimens.”'~
Due to the complexity of the plating/
baking procedures, statistical design
concepts were therefore used nere.

EXPERIMENTAL
Materials

The specimens used in the screen-
ing experiments were 38 mm square,
1.0 mm thick pieces of AISI 4340 steel
heat treated to 260-280 ksi (1800-19Q00
MPa) strength level. The remainder of
the studies were conducted with 300M
steel heat treated to 280-3C0 ksi
{1900-2100 MPa) scrength level. The
double notched 20CM tensile specimens
were § in. long and J.063 in. thick
(150 and 1.60 mm), and had a geometri-
cal stress concentration factor, k.,
of 5.6. The notched tensile strengtn
(NTS) was 260 xsi (1800 MPa). The
300M coupons were 75 x 35 mm, either
2.0 or 6.0 mm thick. All specimens
were finished by surface grinding.

Procedures

The bright cadmium electrcplate
was applied from a cyanide bath, con-
taining brighteners, at a current
density of 25 A/f£%€ 25 mA/cm@); the
dull from a cyanide bath, containing
caroonate, at a current density afr
5C A/f5% (80 mAsca” All plates were

.JC08 in. (1S uml) thick, and aill
specimens were 2aked at 37% & - 130
The cadmium was removed Jor aydrcogen
measurements using ammonium nitrate
solution, Taollowea dv llznt acrading

with Scotcnoricze,
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All hydrogen measurements were
made using the barnacle electrode
method. Details of the equipment and
procedures are given elsewhere.> The
30-minute extraction current densities
were used to give the relative diffu-
sible hydrogen concentrations. Measure-
ments on stressed specimens were made
as soon as possible after failure, at
least 25 mm away from the fracture
surface.

The tensile specimens were loaded
in constant load stress rupture ma-
chines for the time to failure
determinations.

In all experiments, randomness was
used where necessary, such as in the
plating bath, oven and loading frames
to ensure statistical reliability.

Statistical Experimental Design

Screening experiments were run to
determine the effect of five variables
on the diffusible hydrogen concentra-
ticn of both bright and dull cadmium
plated 4340 steel coupons. The 12-run
Plackett-Burman experimental designs'
is shown in Table 1. Each column has
the limits for a particular variable
given, the plus or minus standing for
high/low, #1/#42, etc. Column Y is for
the response, the measured hydrogen
concentration. The variables and their
.imits are given in Table 2. As the
choice of assigning variables to col-
umns is arbitrary, 110 the five
variables were assigned to the first
five columns of Table 1. This auto-
matically defined which of the two
levels (e.g., baking for 8 or 48 hours)
was %o be used for each specimen.
Thus, for column X; (Table 1), trials
.specimens) 1, 2, 4, 5, 5 and 10 are
all pluses which means plating batch
one (Taple 2) for the bright cadmium
2xperiment and batch two for the dull.
Likewise, specimens 2, 3, 4, 8, 10 and
.1 W“ere baked for 48 and ZC nours for
~ne odrignt and dull, resceccively.

The remaining six columns ({g- (1)
nave a2 ~indem distribution > pluses
ng minuses wnicn were used -0 deter-
mine %ne axrperimental errar.

Statistical Anaivsis

The 2ffact 2f each variable was

-
« e v At

RO L GRS S
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determined by comparing the nydrogen
concentration for the specimens in
which that variable was at one level
to those at the other. This was done
by adding the Y-values for all the
pluses in the column, subtracting tnae
Y's of the minuses, and dividing by
six (the number of pluses or minuses)
to get the factor effect for the
variable. This factor effect was then
compared to the minimum significant
factor effect, [MIN], to determine
its statistical significance.

The {MIN] was calculated using
the unassigned columns. First, the
unassigned factor effect, UFE, for
each column was calculated in the
same way as above. This was then
used to determine the significant
factor effect, Sgg, which is an esti-
mate of the experimental error,

q

E : 2
UFEi

i=1

q

where q is the number of degrees of
freedom (the number of unassigned
columns). Then

- . ]
[MIN] = t-Sgc (2

where t was 8bcained from the t-distri-
bution table~ using g=6.

To determine the importance of the
variables, their factor effects were
then compared to the {MIN]. If the
absolute value of the factor effect is
larger than the [MIN], then the
variable is statistically significant.8

RESULTS AND DISCUSSION
Screening EZxperiments

The nhydrogen concentraticns for
“he 12 specimens, Aas measurad bv rhe
tarnacle electrode method, iare ~iven
in Table 3 for both the brignt andg Jull
cadmium =xperiments; also given is
column X3 from Tabtle 1 and a sampie
zaiculation for the {actor effect for
caking. The average 3iffarence in %he
hydrogen concentrations or the
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specimens baked for the short and long
tines was calculated by taking the
apsolute difference of the sums and
dividing by six. Thus, for the dright
cacdmium experiment, the sum for speci-
mens 2, 3, 4, 3, 10 and 11 is 3.26; for
specimens 1, 5, 5, 7, 8 and 12 is 5.36.
The difference is 2.10; and the factor
effect is 0.35. This factor effect was
then compared to the ainimum signifi-
cant factor effect, [MIN], to determine
its importance. The latter is given in
Taple 4 for both the 90 and 95% confi-
dence lavels. The factor effects for
<he rive variables are also given in
Tablie 4. Cne can see that for the
Srignt cadmium, only the baking time
s significant, whereas with the dull
cacdmium, <he batch is also significant
starred va.ues'. The reascn for this
i3 »robably that small changes in con-
seniracion of tne bath ingredients,
2specially carbcnate, can have a3 sig-
nifizant a2ffect on the nature of the
leposit frem a dull cadmium bath. In
tnls 2xperiment, the Iwo batches were
*La:-u Zne week apar<. In the case
2 the 2rignt cadmium, the batch :sculd
cecome 2 3ignilicant factor for more
2xtreme changes ln tae plating condi-~
ciszns. In all subsequent tests in
wN1lCN WO Cr more plating otatches were
ised, <ne plating was always done on
ne same 1ay 2y the same technician.
A.S0, specimens were istributed so as
=2 2i.minate 3 pessible zatch erffecet.

[}

(

8

¢

Trhe f3actor 2ffacts fzr the Jther
7ariaples were shcwn %o de statisti-
23ll7 non-significant, Taple 4. Thus,
caking immediataly, or a day after
clating will not affacs the hydrogen
scncentration. ‘This Zoes not, of
course, sreclude tne possibility that
materiils under stress might te damaged
¥ baking is Zelayed.) The delay in
ﬂeasuring tne nydrogen also was Jound
e nen-significant up to £30 hours
croximately cne month! at reem
eriture 3nd mcZerate numiaitias.,
23ns <hat 2elizyed failure tasting
fuss ;e avipsgen measurements tan
wiTn fonfilence trnat the Ayere-
nTratiin Wwill NSt shange with
neans tnhac 1n:er-accr3-

3 o} t28ting, Lnvelving
a3 ~varcgSen meisurements Ian ce

3
3 %8 A2 m2ad =s iserainata -re
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long times at very high humidities
could alter these conclusions.

3ecause of the concern volced by

many plating people that a delay
bDetween plating and baking could be
important, it was decided to run a
check experiment with just the two
variables: the baking time and the
delay before baking. Bright cadmium
plated specimens were baked for 3 and
72 hours, with dealys before baking of
3 and 24 hours. Duplicate specimens
were run for the four combinations of
high and low values as shown in
Table 5. Also given in Table 5 are
the diffusible hydrogen concentrations
as determined by the barnacle electrode
method. As can be seen, the measure-~
ments on the specimens baked “or the
shor*t time are in excellient agreement,
as are these taked for the long time,
regardless of the delay “ime; i.a.,

rials 1 and 2 agree with each other,
as do 3 and 4. It nas thus been shcwn,
unequivccally, that there is no effect
on the nydrogen concentration whether
ar not the baking is done "as socn as
pessible™ after ‘plating.

1§

ffact of 3aking

As we have seen, baking (and to
some extent, the plating bdatch) is <he
cnly variable which was found to affect
the final 4iffusible nydrogen zoncen-
cration. The 2ffect of baking -ime on
“he removal of hydrogen from cadmium
plated 4340 steel is illustrated in
Figure 1. The curve for the dull
cadmium plated specimens is the best

it for the 12 points from the five-
variable screening experiment; that

f2r thne bHright zadmium plated Is from
the =wo-variable exceriment. Feor -he
lLatter, i1ata {rem an intermediate
caking <ime of 37.% hours nct snown in
Tapie 3' was also used. zIxtrapclaticns
2f <he zurves shcw tnat :cmopiete CTake-
out wculd ce ootained at -imes w~el_
sevend any ncrmal saking srocecures.
25 wculd take sver LID acurs Tar 3tec
mens naving tne Srizht tacmium zzatin
and aven +C 2curs or otn2 Zull. The
"no aydrogen” Level 15 “ne measuremenct
sgz3ined with slatec ang sirl

z,

icpred
3gcecimens wnicn were 3 lowed "o legas
in o3 desizzatsr. The verv LIw IZncen-
traticns of avdrogen measured Tirotne
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longer baking times are much too small
to be calculated quantitatively, but
are well under 0.1 ppm.

Effect of Stress

Yext, constant load experiments

: were run with 300M steel tensile speci-
mens. Because the screening experi-
ment showed that the hydrogen
concentration does not change over a
month, it was thought that the hydro-
gen could be measured on the failed
specimens, and that this would give
the same value as if it had been
measured before loading. In early
trials, however, this did not seem to
be the case. There was some indica-

. tion that the nhydrogen concentration
may have been affected by the stress-
ing, Even though it is well known
that stressing produces diffusion of
hydrogen to regions of high stress, it
is not apparent that the bulk hydrogen
concentration is affected to any

! measurable extent upon stressing.

. Therefore, the effect of stress on the

: hydrogen concentration was investigated
by measuring the hydrogen in control
{unstressed) specimens and comparing

i it to that in stressed and failed ones.

: A preliminary two-variable, two-

: ievel, constant locad experiment was

. conducted to determine appropriate

: baking times ard loads for the 200M

: steel. Duplicate specimens were run
for each bake/load condition. The

| results of the time to failure tests

; are given in Table 6. The failure

: ~imes were gzenerally very short, with

very little discrimination in times for

the different bake/load conditions.

Thus a3ll specimens failed within seven

hours a2xcept for the 48 hr/25% condi-

“ion. The expected trend is obvious,

nowever:; that is, the shortest times

<0 failure 3re at <he lower left

» .3nort bake/high load} and increase for

| _znger 2aking “ime or lower load.

Jue -0 “he short Tailure %imes in
tne creliminary 2xperiment, .onger
Jaking times were selectad Tor the
maln =xceriment in crder -c reduce
“ne aydreogen L2vels and 2xtend the
“.mes %o Taliure. Tripilicate speci-
mers were ~un 72r each djakesload
tcngisicn.  The results of this experi-
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ment are given in Table 7. Again the
trends are apparent. Thus, specimens
baked for 72 hours and stressed at 75%
NTS failed in shorter average time than
those in the 96 hr/7%% condition, and
the former in shorter time than those
stressed at 25% NTS. Comparing

Tables 6 and 7, it can be seen that the
largest spreads in times to failure are
with the lowest stresses (25% NTS).
This can be explained as follows. When
stressing, hydrogen moves from the bulk
of the specimen to regions of high
stress, due to lattice def‘ormations.7
When loading at low stress levels,
however, these lattice deformations are
slight. Therefore, small variations

in hydrogen concentration, or metallur-
gical and mechanical factors are prob-
ably very important in affecting the
life of the specimen. Contrast this
with the effects for the 96 hour bake
and 90% load. Here the lattice de-
formation is great, thus causing the
hydrogen to build up to damaging levels
in relatively short times, even though
the starting hydrogen concentration was
low after the long baking time.

To determine the effect of stress
on the hydrogen, the concentration of
diffusible hydrogen was determined on
the stressed specimens after failure,
as well as on the unstressed cnes.

The results are given in Table 8.
Looking at the hydrogen concentrations
for the control specimens, Table 8, it
can be seen that over 100 hours of
baking at 190 C is needed to remove

all the diffusible hydrogen. This is
in agreement with the screening experi-
ments using 4340 steel. The very low
level of hydrogen after baking for

96 hours is still embrittling, however,
as seen in Table 7. It should be noted
that the background current density
level for the screening experiment is
different from that in the stressing
experiment. This value must be deter-
mined for each set of specimens, as it
depends on both “he material and the
surface finisn.

Compariseons of the nydrogen con-
sentrations for the stressed and un-
stressed specimens ‘the latter ~zmoined
aczording to Jaking -ime withcut regard
0o ioad), Table 3, show %“hat stressing
Zoes, indeed. affect the nvdreogen

. . L. <. ﬂ"..-.-.-.-".*.-"
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concentration. For all baking times,
the stressed specimens had higher
hydrcgen levels than the controls.
further, a two-factor computer analysis
of variance was run using the Statis~
tical Package for the Social Sciences
(3pSS) .11 It was found that there was
a significant difference in the hydro-
Zen concentration for the stressed
versus the unstressed specimens at the
95% confidence level.

One would normally expect a loss of
nydrogen through the fracture surface
during cracking, a process that often
takes several hours to complete., There-
fore the increase in hydrogen can only
be explained by the addition from a
source, such as from the cadmium plate
{or possibly from traps in the steel).
Stressing causes 2 lattice expansion
in both the steel and the cadmium.

The nydrogen in the cadmium could then
move into the steel, and along the
stress and hydrogen concentration
sradients to the notch area, Ziving
soth the buildup to cause failure, and
an increase in the bulk hydrogen con-
zentration.

£ffact of Short 3aking

Since even long baking times (up
<& 35 nours) were snown to be insuf-
ficilent to remove hydrogen, it was
cecided *to investigate thejeffect of
short vaking as specified,” to see if
there was any benefit at all. Rec-
sangular coupcns (76 x 38 mm) of 30CM
steel were plated with bright cadmium,
and pdaked for different times. Table 3
Zives nydrogen concentrations for 6 mm
=“nick specimens baked f{or times up to
z4 nours. It can be seen that there is
no removal of hydregen in these times.
In fac:, -here is scme indicaticn that
nvdrogen may 2ven be increased during
che first few hours. To check this
Jut, 2 second axperiment was run using
s¢cth 2 3nd 5 mm <hick coupons. The
nyarsgen scnecentrations are given in
Taele 1T, I: is clear that baking for
:nly an nour Sr twWo causes an lncrease
i 2ilfusitle aydrczen, the time
lecencding on the thickness of the .
sgecimen. Csing t-test zaiculatieons”T
13 Izmgare the aydrogen csncentration
Tir tre inpaked specimens against those
zakec T3r tne iand TWwe nours., Sor tne

2 mm and 6 mm thick specimens, respec-
tively, significant differences at the
95% conridence level were found. Thus,
it has been shown that very short
baking (1-5 hours) does not remove any
hydrogen and may, in fact, cause an
increase.

CONCLUSIONS

Several experiments were run to
study the effects of baking and stress
on the diffusible hydrogen concentra=-

ion of cadmium plated high strength
steels,

Screening experiments were per-
formed to determine the statistical
significance of various parameters on
the hydrogen content of bright and
dull cadmium plated, and baked,

4340 steel. It was shown that the
baking time was essentially the only
significant variable influencing the
final hydrogen concentration as deter-
mined by the barnacle electrode method.
However, variations between plating
batches were found to te significant
for the dull cadmium plated material.

A delay of 24 hours in baking
after plating had no effect on the
final hydrogen concentration. Also,
the hydrcgen concentration was not
changed if the plated specimens were
held for a month at relative humidities
up to 50% after baking.

It was found that the nydrogen
measurements decreased exponentially
Wwith the baking time, and that at least
100 hours (at 190 C) were needed to
bake out all the detectable hydrogen
from 4340 and 300M steel specimens
plated with 0.015 mm of bright cad-
nium, whereas 40 hours were requlired
With dull cadmium.

It also was shown that baking up
=9 24 hours had no 2ffect on removing
haydrogen from sright cadmium plated
material, and that hydrogen sctually
increased during the Tirst Jaw nours
OF caking.

“n csnstant load axperiments, LT
¥as Taund tnat emoritilement Stilil
existed arter 236 nours 37 dak.ing it

P Y
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steel having a NTS of 1800 MPa and a 6. D. A. Berman, W. Beck and
sharp notch, and that the hydrogen J. J. De Luccia, Hydrogen in
content of the steel increased after Metals, I. M. Bernstein and
stressing. It is proposed that hydro- A. W. Thompson, Eds., American
gen enters the base metai from the Society for Me:als, pp. 595-607,
nlate during stressing. Therefore, the 1974
possibility of hydrogen embrittlement
of very nigh strength steels plated 7. J. Vokl, Ber. Bunsenges. Phys.
with bright cadmium is always present, Chem., Vol. 76, p. 797 (1972).
given the right combination of stress
and time, 8. Strategy of Experimentation,
£. . duPont de Nemours and
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TABLE 1 - 12-Run Plackett-Burman Experimental Design

NADC~86035-60

Trial X1 x2 X3 XA X x6 X7 xa xg 10 X11 Y

1 - - - + - + - - - -
2 - - - - - - - - - -
3 - + - +* - - - - - +
4 - +* - - - - - - * -
S - + - - - - - + - -
6 - - - - + - - - - -
- - - - . _ . . - . . -
3 - - - - + - - - * -
9 - - - - - - - . - -

10 + - - - - - + - - -

1 - - - - - + + - - -

12 - - - - - - - - - -

Sum «+

Sum -

TABLE 2 - Variables and Limits for Plackett-8urman Experiments

Limits
* :
Column Yariable 3right Cadmium Dull Cadmium
- > - -
X . -
! Plating batch 2 1 1 2
<, Time bhetween plating
- and baking, n 1 26 1 26
L 3aking time, n 3 48 3 20
K; Time between Yaking
and measuring, o 2 590 2 530
»%
L 3elative aumidity . % P 3c D] 20
*  Iol.mn carresponds “o Tablie .
##% 3 over Sriarite: 13, average ambient: 0, zver saturated Na.lr.l..
. "'- ‘.'_ .,‘-. ..' -'_'--'. .
hnkn? "i."_. “2.‘-’.}' =
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TABLE 3 -~ Hydrogen Concentrations and Sample Calculations for Plackett-Burman
Screening Experiments

. Hydrogen Concentration," uA/cm2

* Trial Bake Bright Cadmium Dull Cadmium
7 1 - 1.15 0.68
! 2 + 34 27
3 + LTé .30
4 - .54 .50
5 - .97 .56
6 - .97 .65
7 - .78 W42
8 * .33 .34
9 - .58 .36
X 10 + .60 .36
- 1" - LT .30
. 12 - ) .91 .43
. Sum + 3.26 2.07
Sum - A, 5.36 3.10
Difference 2.10 1.03
Factor Effect (2 6) 0.35 0.17

* See column X_., Table 1. 5
hald Background lgvel, 0.22 uA/cm-.
*%%  Absolute value.

CF A o Y

‘ARl o« = Factor Effects and Minimum Significant Factor Effects, [MIN],
for the Plackett-Burman Experiments

Variable Factor Effect
Bright Cadmium Dull Cadmium
*
Xl Batch 0.087 0.145
X2 Delay before baking 127 .038
» »
X, Baking time .350 172
Kg Jelay after baking .040 .065
X; Humidity 077 .00%
r Sog experimental error) .119 .048
: IMIN] 95% confidence level, t=2.45 .291 .118 3
- CMIN] 20% confidence level, t=1.94 .230 .093 o
o
A =
Significant factor effects RNy

KR VA T N PSR ot L LT T T, e W
.’.Q,‘. % \’.. e LN, JURE RN
LY WK PR S RO JURE A P AP
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5: TABLE 5 - Two variable, Two-level Experimental Design and Results :¢
-. ~l‘i
" Trial Baking Time, h Delay Time, h Hydrogen Concentration, uA/cm> '

~ Avg -
-~ s
- EN
o ! 3 3 0.88 iﬁ
. 1.26 1.07 PN
£,

2 3 24 1.08
1.02 1.05

‘l
R
A,

- 3 72 3 .26 %
-, .31 .28 o
J:' :-.‘1
i 4 72 24 .28 . . ':
S .31 .20 Li
) -J:_q
- * Background level, 0.22 uA/cm2 :nj

1
e

A
’
'
"
A

f TABLZ 3 - Zffects of Baking and Stress on Failure Time of 100M Steel

- (Preliminary Experiment)
- * Times to Failure, h

-~ ;3325 Baking Times, h B

: . e
- o 24 48 -
.: ::‘\:'
v zs 4.7 41.5 =
iy 8.7 TT.0 &i
N - 3.9 30 -
. .9 5.3 Y
- *Notched “2nsile strength, '800 MPa. i
- ;"1
: >
'd L
.; 2
- N

N

\ B
\ ] . :_‘1
- 10 :\
-' __\
o' a.\
5 F
N N
oy ‘}
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TABLE ! - Effects of Baking and Stress on Failure Time of 300M Steel

r'
~

. Times to Failure, h
Load , Baking Times, h
®NTS 48 72 96

L

t. }
LLrirtoirt

! 25 16
104
>500

B

AL

50 4

@
.

75 13
35

46

30 30
. 32
. 89

* Notched tensile strength, 1800 MPa.
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TABLE 8 - Effects of Baking and Stress on Hydrogen Concentration of 300M Steel -

- 2
Hydrogen Concentration,® uA/cm

Baking Time, h Stress No. Specimens Avg. Std. Dev.

0 No 4 0.60 0.076 ﬁ;}

; 48 No 4 .45 .086 e
2 Yes 3 .50 .118 :;’

ER L ]
SIS

72 No 4 .42 L0732 g

- Yes A .52 .070 oA

g 26 No 4 .18 .037 4
' Yes 6 Lbu L0886

I.l
LRV RN

* 3ackground level, 7.35 uA/cm®’
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TABLE ¢ - The Effect of Short Baking Times on the Hydrogen Concentration of "
Cadmium Plated 300M Steel 'Ar

Baking Time, h Hydrogen Concentration, uA/cm2 'lF
* -
Avg. Std. Dev.

0.38 n.026 5}{
62 .063 .
%] .025 .

.42 .033 4

14 L44 .049 )

24 .43 .073 :

w & o

* Three 5 mm thick specimens each. L

TABLE ‘0 - The Effect of Very Short Baking Times on the Hydrogen Concentration w
of Cadmium Plated 300M Steel e

3aking Time, h Yydrogen Concentration, UA/ e

2 mm Thick 3 mm Thick
#*

» Nl

Avg. 3td. Dev. Avg. Std. Dev. {:{;

? .46 0.023 9.43 3.2 2
1 54 .082 a3 .63 e
z .50 061 52 .229 “.E-—.!
4 .68 .015 .52 .29 L
- ) \',\.‘.

* Four specimens e2ach. R
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HYDROGEN CONCINTRATION, /A4 A/‘ -
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1 L LA l LB
==
e
ﬁ___: NO HYDROGENMN

) 1 1 1 1111 1 1

SAKING TUME, MR

FIGURE 1 - Efficiency of baking treat-
ment for removal of hydrogen from
bright and dull cadmium plated AISI
4340 steel. Plating thickness, 15 um.
Baked at 190 C.
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